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AKUODYNAMK; CIIARACTKKISTICS of MSFC model 454 OF THE 142-INCH 
SOLID ROCKET BOOSTER TESTED IN THE LeRC lO-FOOT SWT AT 
MACH N ERS OF 2.0 AND 2.7 (SA6F) 


By 

Josh D. Johnson (MSFC) , 

Paul L. Burstadt (LeRC), and 
Walter D. Radford (NSI) 

ABSTRACT 

A 2.112 percent scale Space Shuttle Solid Rocket Booster (SRB) , 

MSFC Model 454, was tested in the 10-Foot Supersonic Wind Tunnel (10* 

SWT) at Lewis Research Center (LeRC). The test, 10* SWT Test 035, 
occupied the tunnel for 208 hours, starting Dec. 3, 1973, and completed 
Jan. 16, 1974. Test Mach numbers were 2.0 and 2.7; test angles of 
attack ranged from -5 degrees to 185 degrees; test Reynolds numbers 
ranged from 0.514 to 2.81 million per foot; and test roll angles were 
0, 22.5, 45, 90, and 135 degrees. The model was tested in the following 
configurations : 

SRB without external protuberances. 

SRB with an electrical tunnel and a SRB/ET thrust attachment 
structure. 

SRB with two engine shroud strokes 
SRB with eight engine shroud sti.^kes. 

SRB with an electrical tunnel, a SRB/FT thrust attachmeni. structure, 
eight engine shroud strokes, and separawlon motors. 
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NOMENCLATURE 
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MISSILE AXIS SYSTEM 


Symbol 

Plot Symbol 

Definition 

Units 

^Am 

CA 

total axial force coefficient in 
the missile axis system, 

"a,.'-' ^e£ 



CBL 

rolling moment coefficient in the 
missile axis system, 

^ref *-ref 


^nijn 

CLMM 

pitching moment coefficient in 
the missile axis system, 

^ref ^ref 



CNM 

normal force coefficient in the 
missile axis system, 

^ref 


‘'m 

CYNM 

yawing moment coefficient in 
the missile axis system, 

^ref ^ref 



CYM 

side force coefficient in the 
missile axis system, 

"rof 


^'^n 


total axial force in the missile 
axis system, positive in the 
negative direction of 

lb. 

‘■'Nm 


normal force in the missile axis 
system, positive in the negative 
direction of 

lb. 

*^ym 


side force coefficient in the 
missile axis system, positive in 
the positive direction of 

lb. 

M 

MACH 

Mach number 
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NOMENCLATURE (Continued) 


Syoibol 

Plot Symbol 

Definition 

iT.i la 



rolling moment in the missile 
axis system^ i.e.» moment about 
the K^-sxis (a positive rolling 
moment tends to rotate the 
positive Yjjj-axis toward the 
positive Z|n-axis 

It* • ~ A y 



pitching moment in the missile 
axis s^ystem, i.e*, moment about 
the Y^^-axis (a positive pitching 
moment tends to rotate the 
positive Z|^-axis toward the 
positive X^-axis) 

in. -lb 



yawing moment in the missile axis 
system, i.e,, moment about the 
Z^-a/.is (3 positive yawing moment 
tends to rotate the positive X^i* 
axis toward the positive Y^j^-axls) 

In. -lb 

Ai 


base areas 

in.^ 

^ref 

LREF 

reference length (diameter of the 
cylindrical section of the model) 

in. 

^Pbl 


base pressure coefficient; 

Pbi - p. 
q 


"bi 


base pressures 

psi 

Pt 


free stream total pressure 

p»l 

P 


free stream static pressure 

psi 



free stream dynamic pressure 

psi 

Rn/l 

RN/L 

Unit Reynolds number, per foot 
(million) 


^ref 

SREF 

reference area (cross sectional 
area of the cylindrical section 
of the model) 

ln.2 
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NOMENCLATURE (Continued) 


Symbol Plot Symbol 

Tt 

X.Y.Z 


XMRP, 

YMRP, 

ZMRP 


Definition 

Tunnel Total Temperature 

missile axes (see text) 

body axis system coordinates (for 
an airplane, the X, Z-plane is the 
plane of symmetry, the origin of 
the axes system is the center of 
gravity or any other convenient 
point, and the X axis is the air- 
plane longitudinal axis) - see 
Figure 1. 

abbreviations for the location of 
the moment reference point in the 
missile axis system 


oj - a ALP}IA total angle of attack, angle 

between the X^^^-axis and a vector 
in the direction of the air flow, 
(P » 0) 

t PHT roll angle, i.e., angle between 

the missile Yjjj-axis and the body 
Y-axis (from a pilot's viewpoint 
in an airplane, a positive roll 
angle is a clockwise rotation) 


Subscripts 

ref 


b 

i 


reference conditions 
free stream conditions 
base 

identifies the location of the 
base pressure measurements 


In addition to the standard notation, the following are special 
test: 


Units 


in. 

degrees 

degrees 


to this 
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NOMENCLATURE (Continued) 


Symbol 


J 


Plot Symbol 
XCP/L 


Definition 


Center of 
length; 

J.Body 


pressure location based on bc'dy 

-(Sn 

. ^bcdy 


FWDSTK 


Parameter name describing the forward strake; 
number in front of decimal is the number of 
strakes. Number after decimal is the length 
of the strake in calibers’^. 


AHSTK 


PHI 

ATHRNG 

KLKTUN 


KNCSTK 


ALPKOr 


Parameter name describing the aft strake; 
number in front of decimal is the number of 
strakes. Number after decimal is the length 
of the strake in calibers. 

Parameter name describing the model roll 
angle. 

Parameter .'.ame describing the attachment ring. 
A number indicates the presence of the ring. 

Parameter name describing the electrical 
tunnel. Number of 1.0 indicates an electrical 
tunnel is mounted on the SRB at an angular 
location as described by phi ('^). A SR3/ET 
thrust attachment structure is always mounted 
180® around thj SRB body from the electrical 
tunnel. (Model roll angle is based on the 
position of electrical tunnel). 

Parameter name describing the engine shroud 
strakes. The number 2.0 indicates two engine 
shroud strakes and 8.0 indicates eight engine 
shroud strakes mounted on the SRB engir;? 
nhroud at an angular position as described by 
phi ( () ). (Model roll angle is based on the 
position of the reference strake). 

Parameter name describing the presence of all 
protuberances; an electrical tunnel* a SRB/ET 
thrust attachmen*: structure, eight engine 
shroud strakes, and separation motors. (Model 
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Symbol 


Plot Symbol 


NOMENCLATURE (Continued) 


Definition 


roll angle is based on the position of the 
electrical tunnel.) The number 1.0 indicates 
the presence of all these protuberances. 


ALPSWP 


DLTCN 


Parameter name describing the direction of an 
alpha sweep. The number 1.0 indicates an 
increasing sweep and 2.0 Indicates a decreasing 
sweep. 

Incremental normal force coefficient due to a 
particular protuberance or protuberances in 
question. 


DLTCA 


Incremental axial force coefficient due to a 
particular protuberance or protuberances in 
question. 


DLTCY 


Incremental side force coefficient due to a 
particular protuberance or protuberances in 
question. 


DLTCLM 


Incremental pitching moment coefficient due 
to a particular protuberance or protuberances 
in question. 


DLTCYN 


DLTCBL 


Incremental yawing moment coefficient due to 
a particular protuberance or protuberances in 
question. 

Incremental rolling moment coefficient due 
to a particular proiub<^-rance or protuberances 
in question. 


*0ne caliber = == ^ref “ 3.000 inches 
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INTRODUCTION 


The Space Shuttle launch configuration consists of a delta wing 
orbiter, a large external tank (ET) , and two solid rocket boosters 
(SRB’s). At launch the orblter engines and the two SRB’s are ignited. 

The SRB’s burn out at an altitude of approximately 140,000 feet, separate 
from the shuttle launch configuration, and free-fall toward the ocean. 

At an altitude of approximately 17,000 feet, parachutes are deployed 
which lower each SRB into the ocean. 

The free-fall of the SRB’s after separation is completely uncon- 
trolled. However, the SRB’s must decelerate to a velocity and attitude 
that is suitable for parachute deployment. To determine the rate of 
deceleration and the attitude of the SRB*s during fred-fall, engineers 
at Marshall Space Flight Center (MSFC) are using a six-degree-of-freedom 
computer program. Static aerodynamic coefficients are part of the 
infoimation required for input into this computer program. 

To determine static aerodynamic coefficients for the SRfi's during 
free-fall, several wind tunnel tests of SRB models were conducted in the 
14-inch Trisonic Wind Tunnel at MSFC. These tests, described in 
references 1, 2, 3, and 4, were conducted with 0.3634 percent models 
where tunnel blockage was almost 3 percent under certain test conditions* 
To eliminate these objectionable test conditions, a larger scale SRB 
model was tested in the 8-Foot Transonic Pressure Tunnel (8* TPT) at 
Langley Research Center (LaRC) at Mach numbers from 0.6 to 1.2. Those 
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tests, described in Reference 5, were performed with a 2 •112 percent 
scale model where the maximum tunnel blockage was approximately 1.53 
percent. This report describes the test performed in the LeRC 10-foot 
Supersonic Wind Tunnel facility and presents the data obtained at Mach 
numbers 2.0 and 2.7. 

Tunnel conditions during this test were as follows: Test Mach 

numbers were 2.0 and 2.7; test angles-of-attack ranged from -5 to 185 
degrees, and test Reynolds numbers ranged from 0.514 to 2.81 million per 
foot. 

Five model configurations were investigated. These configurations 
were as follows: 

1. SRB without external protuberances 

2. SRB with an electrical tunnel and a SRB/ET thrust 
attachment structure 

3. SRB with two engine shroud strakes 

4. SRB with eight engine shroud strakes 

5. SRB with an electrical tunnel, a SRB/ET thrust attachment 
structure, <'Lght engine shroud strakes, and separation motors. 

MODEL DESCRIPTION AND SUPPORT HARDWARE 
Model Description 

The model, MSEC model 454, was a 2.112 percent scale model of a 
142- Inch diameter SRB. Details of the model are presented in Table 1 
and Figures 2 through 7. Figure 2 presents the dimensions of the major 
geometric body segments. These segments and their dimensions are: 
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o A 3-971-iacU iong, splierically blunted 18® half-angle 

nose cone (a truncated nose section was used to allow for 
the passage of the sting at alpha range of 90 to 185 
degrees when mounted through the nose). 

o A 29.734-inch long, 3.000 inch diameter, cylindrical body 
section. 

o A 1.964-inch long, 15®3’ frustrum angle, axially symmetric 
engine shroud. 

o A 1.102-inch long axially symmetric, 10® half angle, 
conical engine nozzle. 

Figure 3 presents the dimensions and location of an attachment ring 
that was a scaled representation of a structure used to attach the SRB^s 
to the Space Shuttle External Tank and was affixed to the model through- 
out the wind tunnel test. 

Figure 4 presents the dimensions and locations of two other protu- 
berances (an electrical tunnel and a SRB/ET thrust attachment structure) 
that were attached to the model. The electrical tunnel was a scaled 
representation of a tunnel used to route electrical wiring from the 
front to the rear of the SRB’s. The SRB/ET thrust attachment structure 
was a scaled representation of the structure used to transmit the thrust 
of the SRB’s to the Space Shuttle External Tank (ET). The scaled 
electrical tunnel and thrust attachment structure were only used during 
selected parts of the test. 

Figure 5 presents the dimensions and locations of the engine shroud 
strakes that were attached to the model during selected parts of the test. 
These strakes were scale representations of small protuberances being 
considered for use on the SRB's. When strakes were used, either two or 
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eight strakes were placed on the model. When two strakes were used, they 
were placed on the model engine shroud in diametrically opposed positions 
as shown on the bottom of Figure 5. When eight strakes were used, they 
were placed on the model engine shroud in equally spaced positions as 
shown on the top of Figure 5. Note that for tests with only engine 
shroud strakes on the model, a test roll angle (|:) of zero means that 
two strakes were located on the model in the tunnel vertical pitch plane. 
For tests with roll angles other than zero, these two strakes were 
"rolled** out of the pitch plane. Therefore, when only two strakes were 
used as shown on t!ie bottom of Figure 5, the roll angle was 90°. 

Figure 6 presents a sketch of the configuration that was tested when 
all external protuberances were attached to the model. Note that the 
roll angle during tlie tests of this configuration was 90° because the 
roll angle was based on the position of the electrical tunnel and the 
electrical tunnel was placed on the model in a position 90° away from the 
top vertical position when the model was at zero angle-of-attack. Figure 
7 presents the details of the scaled separation motors that were used on 
this test conf igurat ion. 

Figure 8 shows details of the aft portion of the model Including 
details of a plug that was used when the model was side mounted and 
tall mounted (see Figures I , 13, and 14), The plug was removed for 
those tests in which the sting had to pass through the rear of the model; 
i.e., when the model was tall mounted as shown in Figure 11. 

The model was made in seven sections. These sections, as Identified 
in Figure 9^are a nose, a strake ring, two fill rings, a balance body, a 
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balance body end, and a tail. The two fill rings can be assembled in three 
different arrangements relative to the balance body: both forward, both 

aft, or one forward and one aft. This allows adjustment of the model 
center of pressure relative to the balance center. The nose and strake 
ring sections are interchangeable with the tail section. The nose 
forward, tail aft configuration was used for angles-of-attack from -5 
to --90 degrees and the tail forward, nose aft configuration was used for 
angles-of^attack from -90 to 185 degrees. A truncated nose section was 
also used to allow for the passage of the sting at angles-of-attack from 
-90 to 185 degrees. The balance body end section was required to allow 
the sting out the leeward side of the cylindrical section of the model 
for angles-of-attack between -5 and 185 degrees. 

The model was designed so that roll angles from 0 to 337.5 degrees 
in 22.5 degree increments could be simulated. These roll angles could 
be achieved by rolling the nose strake ring and tail sections relative 
to the balance body and at the same time moving the protuberances to a 
different roll position on the model body. The sign convention for roll 
angles is shown in Figures 4, 5, and 6. Except as already noted, the 
roll angle was defined by the angular position of the electrical tunnel. 
Specifically, a roll angle of zero degrees was achieved by placing the 
electrical tunnel on the top of the model in the wind tunnel vertical 
pitch plane when the model was zero angle of attack. Other roll angles 
were achieved by **rolling*’ the electrical tunnel out of the vertical 
pitch plane and at the same time moving the other protuberances through 
the same roll angle. 
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Figure 10 is a photograph of the various model parts used during 
tiieso tests and Figures M througli lA show typical installation of 
the model in the tunnel. 

Support Hardware 

Three pieces of model support hardware were used during these tests*, 
o Sting (main) 

o Straight sting 

o Sting (90°) 

The *'sting (main;" (Figure 15) adapted tlie stings to the model 
s apporl system in the test facility. 

The "straight stingy*' sketched in Figure 16, was used to support 
the model at angles-of-altack from -5 to 185 degrees. 

The "sting (90°)," also sketched in Figure 16, was used to support 
the model at ang les-of-at tack from -5 to 185 degrees. This sting came 
out the leeward side of the cylindrical section of the model. 

Sketches of typical sling and model combinations ^re presented in 
Figures 17 through 20. Sketches of typical sting, model, and balance 
combinations are presented in Figures 21 and 22. 

CONFIGURATIONS INVESTIGATED 

The run schedule or data set collation for LRC 10’ SWT“035 is shown 
, in Table II. This table relates the data set identifiers to the nominal 

conditions at which various configurations were tested. These conditions 
were angle-of-attack (a ),roll angle ( 4> ) , Mach numbers (M) , Reynolds 
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number per foot (Rj^/ft), and dynamic pressure (qoo) • 

The run numbers indicated in Table II are in the form of **Run X/0 
and Run X/1** only for the purpose of limiting the data points per run to 
keep within a DATA plotting limitation of 50 points per sweep angle 
range. This method of identifying runs (example Run 1/0 and Run 1/1) 
was used to satisfy DATA MAN requirements and does not indicate re-runs. 
Example : 

Runs 1/0 and 1/1 combine to make Run 1 in LeRC 
10’ SWT-Test-035 (Note that a ’’run” refers to one 
pitch polar in which a model of one configuration 
is rotated through an angle-of-attack range of 
approximately 90 degrees at a constant Mach number, 

Reynolds number, and roll number). 

As Indicated in Table TI, the SRB body alone (attachment ring on 
the model) was tested at Mach numbers of 2,0 and 2,7 and angles-of- 
attack from -5 to 185 degrees. This configuration was tested in an alpha 
range of -5 to 90 degrees at several Re/nolds numbers and with boundary 
layer trips. The boundary layer trips were formed by sprinkling grit on 
the model in 0.1-inch wide strips 45® away from the windward stagnation 
line on each side of the cylindrical section and engine shroud and in a 
0.1- inch wide circumferential strip around the conical portion of the 
nose as shown in Figure 23. These trip strips on the nose were used 
during all testing at angles-of-attack between -5 and 185 degrees when 

the truncated nose was not used. Grit size No* 120 was used on the sides 
of the cylindrical section and engine shroud and grit size No. 60 was 
used on the nose* 


; 
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The configuration with an electrical tunnel and a SRB/ET thrust 
attachment structure was formed by adding the two scaled protuberances 
to the previous configuration as shown in Figure 4. This configuration, 
tested at roll angles of 45, 90, and 135 degrees, was achieved by placing 
the ocaled electrical tunnel and SRB/ET thrust attach structure on the 
model at the appropriate roll angle. Investigations were made over an 
alpha range from -5 to 185 degrees at Mach numbers of 2.0 and 2.7 and 
at maximum tunnel Reynolds numbers. 

The SRB with two or eight engine shroud strakes was formed by 
adding the strakes to tlie SRB body alone. As Indicated in Table II, 
tests of this conf igurat ion were performed while the model was either 
tall mounted (-5® _ 90®) or nose mounted (90® ^ cx ^ 185®) at Mach 

numbers of 2.0 and 2.7. 

The SRB with an electrical tunnel, an SRB/ET thrust attachment 
structure, eight engine shroud strakes, and separation motors was formed 
by adding the scaled protuberances to the SRB body alone configuration 
as shown in Figure 6. This configuration was tested at a roll angle of 
90 degrees, which was based on the electrical tunnel^ as can be seen in 
Figure 5. It was tested over a full angle-of-at tack range of -5 to 185 
degrees with both tlie side mounting and either the tall (-5 to "*90 degrees) 
or nose ( *90 to 185 degrees) mounting techniques. 

During this test, some runs were made to determine hysteresis 
effects. These runs covered an angle-of-at tack range from “*90 to 185 
degrees. During run 8, M = 2.0 and run 10, M = 2.7 (data set identifiers 
KGE007 & 008), the model was pitched in the direction of increasing 


/ 
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angle-of-attack. During run 9, M =» 2*0 and run 11, M ■ 2.7 (data set 
Identifiers RGE051 and 052), the model was pitched in the direction of 
decreasing angle-of-attack. 

DATA ACQUISITION AND REDUCTION 

The parameters measured and recorded during these two tests were: 

a) Tunnel conditions (P*^ , P , T-) 

^1 tjo V 

b) Model angle-of-attack 

c) Base pressures (for -5® £ o' ^ 185^) 

d) Six- component force and moment data 

Tunnel conditions were used to calculate the Mach number, the dynamic 
pressure, and the Reynolds number; the base pressures were used to 
calculate base pressure coefficients; and the six-coraponent force and 
moment data were used to calculate static stability coefficients. 

Base pressures were recorded over angle-of-attack ranges from -5 
to 185 degrees when the model was mounted through either the tail or 
nose. Base pressures were not recorded when the model was supported in 
the wind tunnel as shown in Figures 12 and 13. Figure 24 shows the 
location of pressure tubes for test angles-of-attack from -5 to 90 degrees. 
Figure 25 shows the pressure tube locations for test angles-of-attack 
from 90 to 185 degrees. In this position, pressures that were recorded 
probably would be more accurately described as **nose cavity pressures** 
rather than base pressures. 

A tabulation of the base pressure coefficients is included in the 
appendix to this report. Zeroes are listed where base pressures were 
not recorded (model side mounted). 
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An anglt?-of-attack indicator was mounted in the model at 30 degrees 
relative to the mod€?l longitudinal axis. This allowed adjustrr.ent u£ the 
angle-of-attack indicator so that its longitudinal axis was never more 
than + 65 de;»rees away from a horizontal attitude. 

As stated above, the six component force and moment data were used 
to calculate six-component static stability coefficients. These data 
were measured with Langley Research Balance No. TR-16. The rated 
capacity of this balance Is found in Table III. The six coefficients, 
^Am* coefficients in the missile axis 

system. 

The missile axes system ^ non-rolling body axes 

system frequently used in wind tunnel tests and studies of missile flight 
dynamics. It is a system of axes that never rotates through angles of 
roll; i.e., it never rotates about the missile or model longitudinal 
axis. The missile axt*s system is identical with the body axes system 
at zero rol i angle. 

Six-component static aerodynamic coefficients in the missile axes 
system may be converted to coefficients in the body axes system with the 
following six equations; 

^Yn, 

Cv = -(’m sln .|> + Cy cos ^ 

y ^^m 

t: , = c 




t: 


m 


cos ([, + sin 
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Cn - si" ♦ + Cn„ «« ♦ 

The orientations of the body axes coefficients (C;^, Cjj, Cyi Cj, C^, 
are defined in Figure 1. 

The following reference dlnensions were used to calculate the static 


stability coeffit ients: 





Parameter 

Full Scale 

Model Scale 

Reference Area 





based on body cross section 

109.98 

ft2 

7.069 

in. 

Reference Length (ij-ef^ “ " 





model diameter 

142 

in. 

3.000 

in. 

Moment Reference Center 





(from body nose) 





*XMRP 

986.46 

in. 

20.834 

in. 

YMRP 

0 


0 


ZMRP 

0 


0 



The force and moment data were corrected for model weight tares but 
angles of attack wove not corrected for tunnel flow angularity. 

SchUeren photographs were made during these tests. 

DATA PRESENTATION 

Data are presented In two forms: (1) stability coefficients are 

plotted as a function of angle-of-attack and (2) data tables are pre- 
sented tliat include six stability coefficients, four base pressure 
coefficients, tunnel flow conditions, and model attitude. 

*Note: XMRP (56.66X of body length, measured from nose tip) 
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Data Plots 


Tbii plots of the stability coefficients were made so that they show 
certain significant effects that were investigated during the t3sts. 
Effects that are illustrated by the plotted interpolated data are as 
follows: 

o Effects of the angular location (roll angle) of the 

electrical tunnel and SRB/ET thrust attachment structure 

o Effects of the angular location (roll angle) of two and 
eight engine shroud strakes 

o Effects of the angular location (roll angle) of the 

electrical tunnel, SRB/ET thrust attachment structure, 
eight engine strakes, and separation motors 

o Reynolds number effects with and without boundary layer trips 

The data that are shown in the plots for a roll angle of zero are 
the data from tests of the configuration that did not have external 
protuberances other than the attachment ring. 

These plots of the stability coefficients Include the six static 
aerodynamic coefficients ^ longi- 

tudinal center of pressure (XCP/L) based on the body length. 

Many of the plots present coefficients that were derived by using 
combinations of the wind tunnel test data to construct the **btst** set 
of data for a particular configuration. Fur example, the best set of 
data for the SKB body alone configuration (with attachment ring), data 
set GGK 101, was derived by using data set RGEOOl (Runs I and 2) for 
-b** - a AO®, data set RGEOOA (Runs 49 and 50) fur 40® t 1 90®, data 

set RGEOO*^ (Runs 51 and 52) for 90® 1 ' 1 135®. and data set RGE008 
vRuns b and 10) fur 135® _ » 185*. Data sets for several of the 

22 


y 

; 



I 


configurations were derived by determining the change In each coefficient 
caused by adding protuberances to the body alone configuration and then 
adding these incremental changes to the best set of data that vas derived 
for the body alone configuration. For example, for the configuration 
with the electrical tunnel and the thrust attach structure vas calculated 
with the following equation: 

with elect, tunnel caused by elect. without 

and thrust att. str. tunnel and thrust protuberances 

att. str. 

Data sets that were used to derive new data sets and data sets that 
were used to calculate incremental changes in coefficients are Identified 
in Table IV, All of the derived dato were determined by Interpolation 
of the test data co obtain data in four degree angle-ef-attack increments. 
All data sets numbered greater than 100 contain interpolated and derived 
data. 

UaUi Tabli^i 

Data tables, identified as tabulated source data, are presented for 

. 1 

each ol the b2 runs that were made during LRC 10 SWT Test 035. Tables 

are presented in the order of data set number. Each table contains i 

listing of the six static aerodynamic stability coefficients and four 

2 

base pressure coefficients. Each table also includes information that 

1 Data are not presented fo*^ runs 2V and 18 due to some question of 
the data. 

2 Wliere base pressures were not recorded, zero**^ will appear In the 

data table for C 's. 

P 


\ 
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describes the model configuration, the model attitude, the tunnel flow 
conditions, and model reference dimensions. 
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TEST FACILITY DESCRIPTION 


The NASA Lewis Research Center 10' x 10’ Unitary Supersonic Wind 
Tunnel is a closed loop continuous flow facility with a Mach Number capa- 
bility from 2.0 to 3.5 in either a aerodynamic or propulsion circuit. The 
aerodynamic circuit, used for these investigations, has a stagnation pressure 
capability of 0.1 to 2.36 atmospheres at a stagnation temperature of 1160® R 
giving a Reynolds Number capability from 0.2 to 2.6 x 10^/ft. The dynamic 
pressure varies from 20 to 720 psf. The propulsion circuit of the tunnel 
has a stagnation pressure capability of 0.62 to 2.36 atmospheres at a stag- 
nation temperature of 1160^ R for a Reynolds Number variation of 2.1 to 2.8 
X 10^/ft and a dynamic pressure variation of 500 to 600 psf. This circuit 
can accept either air breathing or rocket engines for testing. 
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TABLE I. MODEL COMPONENT DIMENSIONS 


DEL COMPONENT: Nose 

GENERAL DESCRIPTION: 142-inch diameter SRB nose, cone angle Is 18" with a 


s pherical radi us nose cap. (This -nose vas truncated to allow passage of the sting 
v^en the model was nose^inounted for testing at ^ 90 ° ^ 185°). 


MODEL DRAWING NUMBER: MSEC #80M42621 

MSEC #80M42622 

DIMENSIONS: 


Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted 

Base 


Length (when truncaced for 
sting mounting) 


THEORETICAL 


AL 


SURED 


FULL-SCALE 

MODEL SCALE 

MODEL SCALE 

188 in. 

3.971 in. 

3.892 in. 

142 in. 

3.000 in. 

3.000 

142 in.. 

3.000 in. 

3.000 

1.32 

1.32 

1.297 

109.57 ft^ 

_ 7.069 in.^ 


■ 109.97 ft^ 

7.069 in.^ 

• 

• 

1.130 n. 

M30 
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Table I. (Continued) 
* ^ ^ * 

DEL COMPONENT: 

BODY 



GENERAL DESCRIPTION: 142-inch diameter SRB body for SRB configuration 139. 


MODEL DRAWING NUMBER: 80M4 2621 . -SOMAZSZS, 80M32580. 80M42620. 80M42590. 


80M42626 , 

■80M51331, 80H42646 

THEOPvETiCAL 

A‘ 

“•AL MEASURED 

DIMENSIONS: 

FULL-SCALE MODEL SCALE 

MODEL SCALE 

Length 

1407.8 in. 

29.734 in. 

29.757 in. 

Max. Width 

142 in. 

3.000 in. 

3.001 

Max. Depth 

142 in. 

3.000 in’. 

3.001 

Fineness Ratio 

9.91 

9.91 

9.915 

Area 

* 



Max. Cross-Sectional 

__1QL_98 ft^ 

7.069 in.^ 


Planform 




Wetted 




Base 

100.97 ft^ 

7.069 in.^ 



ORIGINAL PAGE IS 
OF POOR QUALITY 
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Table I. (Continued) 


MODEL COMPONENT: Engine/Shroud 

GENERAL DESCRIPTION: 142-inch diameter SRB engine shroud/nozzle combination for 
$RB configuration 139. .. 


MODEL DRAWING NUMBER: 80M42626, 80M32613 

THEORETICAL ACTUAL MEASURED 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

MODEL SCALE 

Engine Shroud 




Length 

93 in. 

1 . 964 i n . 

1.975 In- 

Max. Width 

192 in. 

4.055 in. 

4.062 in. 

Max. Depth 

192 in. 

4.055 in. 

4.062 in. 

Max. Cross Sectional Area 

201.1 ft^ 

12.914 in.^ 

12.959 in. 

Engine Nozzle 




Length 

52 in. 

1.102 in. 

1.095 in. 

Max. Width 

141.7 in. 

2.993 in. 

2.994 in. 

Max. Depth 

141.7 in. 

2.993 in. 

2.994 in. 

Max. Cross Sectional Area 

% 

109.52 ft^ 

7.040 in.^ 

7.040 in^ 
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Table I. (Continued) 



GENERAL DESCRIPTION: An attachment ring (used to attach the SRB to the ET) 

is loca ted 27 .773 inches model scale (1315 inches full scale) from the nose of 

« 

the vehicle. 




MODEL DRAWING NUMBER: 80M32547, 80M32582 


DIMENSIONS: 


THEORETI A AL SURED 

^LE MODEL SCALE MODEL SCALE 


Length 

Max. Width 10.98 in. 0.232 in. 

Max. Depth 9.99 in. .. 0.211 in. 

Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted 

Base 




p 

it 


_ • • Table I. (Continued) 

* • 

DEL COMPONENT: ^ Electrical Tunnel 

t 

GENERAL DESCRIPTION: The electrical tunnel runs along the outside the SRB 

■tank to protect the various electrical cables from aerodynamic loading. 


MODEL DRAWING NUMBER; 80M42642 



THEORETI_ 


DIMENSIONS: 

L- SCALE 

MODEL SCALE 

Length 

-^’1274 in. 

'^26.9 in. 

Max. Width 

13 in. 

0.275 in 

Max. Depth 

6 in. .. 

0.127 iii 

Fineness Ratio 



Area 


• ' 


Max. CrosS'Sectlonal 

Planform 

Wetted 

Base 


See Figure 4 »tiore details 


OF 




{ 
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Table I. (Continued) 


DEL COMPONENT: 


SRB/ET Thrust Attachment Structure 


6ENEPj\L DESCRIPTION: This structured is mounted aft the intersection of nose 

and body and is used to attach the SRB to the ET. | . 


MODEL DRAWING NUMBER; 80M42641 

DIMENSIONS: 

Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. . Cross-Sectional 

Planform 

Wetted 

Base 


EOKS TI 

FPLL- SCALE MODEL SCALE 

^ 1.000 in. 


^ 0.157 


See Figure 4. for more details. 
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Table I. (Continued) 

DEL COMPONENT: ENGINE SHROUD STRAKES 

GENERAL DESCRIPTION: THE LEADING EDGES OF THE STRAKES ARE .LOCA TED Q.57Q INCHES 

(0.19 CALI BER) FORWARD OF THE JUNCTION OF BODY AND ENGINE SHROUD. THE TAILING 
EDGES OF THE STRAKES ARE LOCATED AT THE EXIT PLANE OF THE ENGINE SHROUD. 


DRAWING NUMBER; 

THEORETICAL ACTUAL MEASURED 

DIMENSIONS: FULL-SCALE MODEL SCALE DEL S E 

Length (ON SRB BODY) 27 IN. 0.570 IN. 

♦Length (ALONE ENGINE SHRQUDl 93 IN. . 0 6 4 IN. _ 


Max. Width 

Max. Depth 9.99 IN. _ 0.211 JN.^ 

Fineness Rat^o 


Area 

Max. Cross-Sectional 


Planform 

Wetted 

Base 


♦See Figure 5 for more details. 
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Table I. (Concluded) 


r 


1 


MODEL COMPONENT : , SEPARATION MOTORS 

GENERAL DESCRIPTION: THE SEPARATION MOTORS ARE ATTACHED TO THE ENGINE SHROUD. 
THE LEADING EDGE IS AT THE FUNCTION OF THE SRB BODY AND ENGINE SHROUD. THE _ 
TRAILING EDGE IS LOCATED AT THE EXIT PLANE OF THE ENGINE SHROUD. 


DRAWING NUMBER; 80M32612 
DIMENSIONS: 


THEORETl A 

FULL-SC HODEL SCALE DEL 


E 


length (ALONE ENG. SHROUD) 93 IN._ 1.964 IN. 

HEIGHT 19.03 IN. 0.402 IN. 

Max. Depth 

Fineness Ratio 
Area 

Max. Cross-Sectional 

Planforin 

Wetted 

Base _ 


♦See Figure 7 for more details. 
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MSFC- Fotm3«S-t (E«v. May If 71) 
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MSFC - Fonn 2«3-S (Rev. U*r 1973) 
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TABLE IV, IDENTIFICATION OF DATA SETS THAT WERE USED TO DERIVE OTHER DATA SETS 


1 




I 


I 





o 

CO 






















C30 






















»H 

00 

o 



VO 




o 


o 

00 


vO 

00 


o 

00 





o 

CN 



fH 




CN 


04 

o 


fH 

o 


CN 

o 

4J 



0 

o 

O 



O 




O 


o 

o 


O 

o 


O 

o 

CO 



4J 

u 

M 



U4 




W 



UJ 


UJ 

UJ 


UJ 

w 

T3 




o 

O 



O 









o 

q 


Q 

q 




0 


ex: 



Pd 




Pd 


Pd 

Pd 


Pd 

Pd 


Pd 

Pd 

U 















1 



1 



1 

(U 






















42 






















4-t 




















- 


o 



0 



















0) 



m 



















> 



m 

m 

iH 

(30 



to 


as 


to 

fH 

p^ 


m 



o^ 


•H 

• 


tH 

o 

rH O 

o 

iH 

o 

o 


fH 

O 

O 

iH 

o 


iH 

o 


fH 

O 

u 

CU 



o 

O O 

o 

o 

o 

o 


O 

O 

O 

o 

o 


O 

o 


O 

o 

(U 

00 


O 


uj 

U4 

w 

w 

w 


w 

U4 

w 

U4 

w 


UJ 

UJ 


UJ 

UJ 


c 


4-> 

o 

o o 

O 

o 

o 

o 



O 


O 

a 


o 



o 



fO 



QEi 

peS Pi 


Pd 

Pd 

Pd 


Pd 

Pd 

Pd 

Pd 

Pd 


Pd 

Pd 


Pd 

Pd 

0 



0 


1 

+ 


1 

+ 



1 

+ 


1 



1 



1 

4J 



O 




















H 


o\ 



















T3 

CJ 





















0) 


^ ^ 




















(0 

TJ 


o 



















D 

0) 


o 




















4J 


a\ 


O CN 



CN 



(30 

CN 


o 

CN 


HT 

CN 


00 

CN 

(U 

CO 



o 

iH O 

o 

iH 

O 



fH 

O 

o 

rH 

O 


fH 

o 


fH 

o 

V4 

O 


0 

o 

O O 

o 

o 

o 

o 


o 

O 

o 

o 

O 


O 

o 


o 

o 

0) 

•H 


u 

w 

M W 

w 

w 

M 

Cx4 


w 

u 

u 

u 

PJ 


UJ 

UJ 


UJ 

UJ 

> 




a 

o o 

q 

o 

O 

O 


o 

q 

o 


o 



o 


o 

o 


c 


Q 

pc: 

Pe 2 Pd 


Pd 

Pd 

Pd 


Pd 

pd 

Pd 

Pd 

nd 


Pd 

Pd 


Pd 

Pd 

4J 

•H 


o 


1 

+ 


1 

+ 



( 

+ 


1 



1 



1 

CO 






















42 

0) 


















__ 

_____ 


U 

42 






















4-1 


0 



















(0 



O 



















4J 



-0“ 

t-H 

(3> 



ro 




p^ 


as 

iH 


CO 

iH 


p^ 

fH 

0) 

O 



O 

O 



fH 




iH 


o 

o 


fH 

O 


fH 

o 

(0 

C4^ 


0 

O 

O 



O 




O 


o 

o 


o 

O 


O 

o 



■ 

wm 

U4 

w 



M 




w 


u 



UJ 

UJ 


UJ 

UJ 

CO 

CO 

■ 

M 

O 

o 



O 




o 



O 


o 

u 


o 

o 

u 

4-» 

■ 

9H 

pci 

Pd 



Pd 




Pd 


Pd 

Pd 


Pd 

Pd 


pd 

Pd 

CO 

0) 

■ 

i29 












1 



1 



1 

a 

CO 

1 

I 





















■ 

m 





















72 

(U 





















4) 

cn 

»— ♦ 

as 



ro 






(j> 



ro 



p^ 




> 


O 

o 



fH 




iH 


o 



fH 



fH 




•H 

to 

fH 

iH 



fH 




fH 


«H 



iH 



fH 




M 

u 

U 

U 



W 




W 


U 



UJ 



UJ 




Q> 

CO 

o 

o 



o 




O 


o 



O 







Q 

a 

o 

o 



a 




o 


u 



UJ 



UJ 




(U 






















fH 






















OC 






















C 

0) 





















<< 

0) 






















0) 

o 

cn 



o 




o 


to 



o 



in 




r— < 






a\ 




m 


<r 



Os 



m 




rH 

00 









fH 








iH 




O 

0) 






















Q 












































0) 






















4J 






















<u 






Oi 















Q 







u 





U) 










B 





n 

TJ 

3 





4H 


'T3 


44 






u 

42 




oo 

d 

ui 





c 

4) 

C 


to 






CO 

u 




c 

CO 

J 





4) 

42 

to 


(U 






PU 

•H 






3 





•H 

H 



iJ 












f-H 

H 





u 


fH 

42 













4) 

H 





•|H 

OO 

1 (U 

O 

4) 






0 

oo 




42 


to 





tM 

d 

c 

CO , 

r 







0) d 




U 

d 






tM 

H 

d 

u 

44 






d 

d *H 




CO 

3 j 

c 





(U 

"0 

3 

H 


C 





0 

0 »-• 




u 

4J 

u 





0 

T3 

4J 

to 

0 

0 





•H 

rH 




u 

(0 





u 

CO 



H 

•H 





4J 

< 4J 




CO 

tH 

H 







iH 

H 


44 





CO 

d 





CO 

uJ 





c 

>> 

, CO 


o; 

to 






<u 




42 

O 

CO 





•H 


U 

3 

u 

U 





d 

xj e 




4J 

•H 








H 

U 

3 

3 





00 

O 




•H 

U 

M 





4) 

TJ 

U 

JC 

44 

00 




•H 

OQ U 





4-t 

cn 





00 

OJ 

u 

44 

U 

H 





C4-I 

to 





U 

3 





c 

to 

o 


3 

UH 





d 

oq 4J 




DQ 

o; 

H 





CO 

3 

0) 

ty 

U 

c 





o 

Pd 4J 




Pd 

rH S’. 





42 

to 

*H 

42 

44 

0 






(/i (0 




cn 

4> 

IH 





u 

u 

0) 

44 

CO 

u 



42 


A 













































TABLE IV, (Continued) 
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Figure 7. - Body and Missile Axis Systems 
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(SRB CONFIoURATION 139 - MSM: MODEL #454) 
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Figure 3. SRB/ET ATTACHMENT RING (MSFC MODEL #454) 
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FIGURE 4. ELECTRICAL TUNNEL AND SRB/ET THRUST ATTACHMENT STRUCTURE (MS^C MODEL #454) 
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Mgure 7. SRB SEPARATl TORS (MSFC DEL #454) 
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NOSE TRANSITION STRIP 
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Figure 16. 


TWO STINGS FOR MOUNTING MODEL TO MAIN STING FOR AiiGLES-OF-ATTACK 
RANGE 
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Figure 20. TYPICAL C INATIOtl OF SUPPORT HARDWARE FOR AN ANGLE-OF-ATTACK RANGE 
OF 9(flO 185*’ 
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FiRun- 21. HOONTING AR G01 S FOR ANGLES -OF -ATTAOC P -5 TO 90 DECREES 
(MSPC MODEL 434) 
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Figure 22. MC'UNTING ARliAKGIJMEtJTS FOR ANGLKS-OF-ATTACK FROM 90 TO 185 DEGREES 
(MSFC MODEL 454) 
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APPENDIX 


TABULATED SOURCE DATA 


Tabulntions of plotted data are available on request from 
Data Management Services. 
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